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Description 
Technical Field 

This invention relates to parenteral fluid, especially s 
blood, warming apparatus and more specifically to 
highly efficient heat transmitting disposable cassettes 
for use with heat providing and controlling apparatus. 

PachQrwndArt "> 

Blood and other parenteral fluids are commonly 
stored at hypothermic temperatures in the range of 
about 2-10° Centigrade to maintain freshness and via* 
bilHy. Before such fluids are infused into a patient, it is is 
corrvnon practice to raise the influent fluid temperature 
to nearly normal patient temperature levels of 36° to 38° 
Centigrade. In some cases, such as open heart surgery, 
it is desired to maintain the patient at hypothermic tem- 
peratures for a period of time and infuse blood at sub- 20 
stantiaDy the same hypothermic temperature. As such 
infusions vary in rate and temperature, it is best to have 
in-line blood warming devices which warm the blood as 
delivery is made from a blood bag to the patient to con- 
serve blood and reduce delays of off-line heating metf> 25 
oda A complication in the warming of viable physiologic 
fluids, such as blood, is a maximum safe temperature 
which may be used in the heating process. It is com- 
monly known that the maximum safe temperature which 
may be used is in the range of 38° Centigrade. For 30 
these reasons, the safety and efficacy of imparting heat 
to blood and other parenteral fluids during infusion into 
a patient are critical parameters of an in-line heating 
device. 

Generally, heat exchangers, not primarily meant for 35 
parenteral fluids heating, have comprised metallic or 
otherwise non-flexible, heat-exchanging plates, parts of 
which define circuitous passages for fluids in the heat- 
ing pathways. U.a Patents 1.961,660, 2,424.792, 
2,582371, and 3,590,917 are examples of such heat 40 
exchangers. Devices which provide for heat exchange 
between fluids residing between juxtaposed parallel 
cavities are disclosed in US. Patents 3,823,457, 
4.258.784. and 4,744.414. 

In some devices, it is important to avoid pressure 45 
buildup within a heating device. U.S. Patent 3.718.182 
teaches a heat exchange device wherein outlet pipes 
are made of a larger diametral size than the inlet pipe to 
reduce internal pressure buildup. Internal pressure has 
been used to fashion hollow metal articles using high so 
input pressure in the forming process as disclosed in 
U.S. Patent 2.766.514. 

A plurality of physiologic fluid heaters are known in 
the art. Devices fa heating parenteral fluids, especially 
blood, comprise water, air, and electrical plate modali- 55 
ties. As an example, US. Patent 4,678,460 teaches a 
heater for parenteral fluids which comprises a water 
warmer and a bubble trap for eliminating air from the 



parenteral fluid. Another water heater which heats blood 
flowing through a coiled tub is taught in US. patent 
3,614,385 U& Patent 4,707,587 describes an air cir- 
culating heater which measures the incoming and out- 
going temperatures of both blood and the heat 
transporting air. US. Patent 4,759,749 discloses a ster- 
flizable metal heat exchanger for physiological fluids. 

Much of the known related art teaches heating 
parenteral fluids or blood in dsposable devices employ- 
ing lubes or bags. As an example of a tube employing 
device, U.S. Patent 4,532,414 discloses an in-line fluid 
warmer for parenteral finds. The fluid warmer includes 
a box-like enclosure containing a heated plate having a 
sinuously-shaped groove to accept and hold a length of 
conduit in heat exchanging relationship. US. Patent 
4,293.762 discloses another heater comprising a ser- 
pentine pattern wherein a tube through which fluid to be 
heated flows 

While it is common to use a heater bag which com- 
prises a labyrinth or serpentine path wherein the fluid is 
heated as it courses a relatively long pathway across 
heating elements. US. Patent 4,309.592 discloses a 
bag and device mostly open to upwardly directed fluid 
flow. A restrictor is employed between an inlet pipe and 
main portion of the fluid path of the bag to restrict travel 
of the fluid introduced by the inlet pipe to maintain sub- 
stantially homogeneous flow throughout the main por- 
tion of the fluid path, thereby providing more even 
heating of fluid within the bag. US. Patent 4,464,563 
teaches a hollow cylindrical polystyrene or polycar- 
bonate cassette heated by two heating elements, one 
heating element disposed in the inner core of the cas- 
sette is heated to a higher temperature while the other 
heating element disposed around the outer surface of 
the cylinder is heated to a lower temperature. 

US Patent 4,844,074 teaches a two stage heater 
for physiological fluids wherein fluid is pumped through 
a regulated heater into a gravity-feed container, then led 
by gravity flow out of the gravity-feed container through 
the same heater to the organism being infused. The 
heater comprises a bag, having a serpentine fluid path, 
which is disposed between heating and sensing plates. 

U.S. Patent 3,485,245 discloses a heater compris- 
ing two plates, each of which comprises a serpentine 
passageway wherein a disposable bag comprising a 
similar serpentine blood path is placed. US. Patent 
3,590,21 5 also teaches a bag or sac which comprises a 
serpentine pathway wherein blood is heated as it flows 
therethrough, but heat is supplied by pivotally mounted, 
thermally conductive flat plates which are in heat con- 
ductive relation with the sac. Each heating element is 
tapered from the inlet end to the outlet end so that the 
heat output diminishes in proportion to the diminishing 
rate of heat absorption of fhjid moving from the sac inlet 
to the sac outlet The shape of the heating elements are 
calculated to be direct functions of thermal conductivity 
of the sac an important parameter due to relatively high 
thermal insulating qualities of plastics. 
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Another blood warming apparatus comprising a 
bag with a serpentine path is Disclosed in US. Patent 
4,167,663. An apparatus is disclosed therein which 
comprises a control circuit responsive to the input and 
output temperature of the fluid being heated and heat- 5 
ing elements which respond to signals from the control 
circuit U.S. Patent 4,314,143 discloses an apparatus 
for warming Wood and other parenteral fluids through a 
disposable fluid system comprising a warming bag and 
primarily disposed to solving problems related to electri- 10 
cal controls and monitoring of the heated fluids. 

U.S. Patent 3,640,283 discloses an attachment to a 
plastic envelope heat sealed to form a tortuous fluid flow 
conduit therein. The attachment provides a drip cham- 
ber whereby air is removed as the Wood flows from an is 
outlet of the envelope. 

U.S. Patent 4,906,816 discloses a Wood heating 
apparatus, comprising a box provided with a hinged 
door. Blood flows through a plastic pouch having a lab- 
yrinth-shaped pathway. The doors are provided with 20 
temperature controlled electrical heating assemblies 
which contact both sides of the pouch when the hinged 
door is closed, suspension pins assure position of the 
pouch relative to the box and door. 

U.S Patent 4,680,445 discloses a heating bag dis- 25 
posed between modified heating plates having ridges 
which contour the bag thereby reducing outgassing in 
the bag. The bubbles which result from outgassing insu- 
late the Wood and make heating less eff icient. Such out- 
gassing is caused by the mass of the Wood weighing 30 
against the bottom of each segment of the bag thereby 
deforming the bag and creating a negative pressure at 
the top of each segment of the bag where the outgas- 
sing occurs. The ridges comprise a form which reduces 
deformities of the bag thereby reducing the insulating 35 
bubWes. 

DISCLOSURE OF TH5 INVENTION 

In brief summary, this novel invention provides a 40 
surprisingly effective parenteral fluid and Wood warming 
apparatus. According to a first aspect of the present 
invention there is provided a cassette adapted for place- 
ment between a pair of heating elements so as to warm 
parenteral fluids flowing through the cassette for intrave- 45 
nous delivery to a patient the cassette comprising: 

insulative passageway means defining a thin, pla- 
nar serpentine flow path having top and bottom 
sides an inlet end and an outlet end, such that a thin 50 
sheet of parenteral fluid enters the inlet end, travels 
through the serpentine flow path, and exits the out- 
let end; 

a first flexiWe, heat conductive membrane means 
providing heat transfer from one of the heating ele- 65 
ments to one of the top and bottom sides of the ser- 
pentine flow path, 

a second flexible, heat conductive membrane 



means providing heat transfer from the other heat- 
ing element t the other of the top and bottom sides 
of the serpentine flow path, such that said serpen- 
tine flow path is essentially completely covered on 
the top and bottom sides thereof from the inlet to 
the outlet ends by the first and second heat conduc- 
tive membrane means which are insulated and 
spaced from one another; 
characterised in that 

the cassette is cfisposaWe; 
the insulative passageway means is for insulat- 
ing, supporting and spacing the first and sec- 
ond heat conductive membrane means one 
from the other; 

the first heat conductive membrane means is 
supported on one side of the said passageway 
means, the first heat conductive membrane 
means comprising an inlet port for communi- 
cating the parenteral fluid to the inlet end of the 
serpentine flow path and an outlet port for exit 
of the warmed parenteral fluid from the serpen- 
tine flow path; 

the second conductive membrane means is 
supported on an opposite side of the said pas- 
sageway means so as to be insulated from the 
first flexible heat conductive membrane such 
that the first and second heat conductive mem- 
brane means are insulated and space from one 
another; and further comprising: 
support means providing a peripheral frame- 
work that encompasses and sealingly receives 
and holds generally in the plane of the serpen- 
tine flow path essentially the first and second 
heat conductive membrane means with the 
insulative passageway means sandwiched 
therebetween without obstructing contact of 
the first and second heat conductive mem- 
brane means with the pair of heating element 
when the cassette is placed therebetween. 

Each set point temperature to which fluid is heated 
is user variable and is set in a range from hypothermic 
temperatures for hypothermicalry maintained patients to 
nearer normal physiological temperatures in the range 
of 37° Centigrade. In no case can a set point be entered 
which exceeds a predetermined maximum temperature 
in the range of 38° Centigrade. 

Higher than ambient internal pressure in the cas- 
sette not only assures a full and pressured contact 
against each heating plate, but also ensures against the 
generation of outgassing bubbles which may otherwise 
occur due to negative pressures resulting from gravity 
caused deformations in flexible parts. The elimination of 
potential outgassing allows the cassette to be oriented 
for use in any plana Use of fluid contacting, heat con- 
ducting foils in direct pressure contact with the heating 
plates provides a fluid warmer of surprising efficiency. 
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Cassette manufacture is at least partially auto- 
mated 

The heating plates comprise increased thermal 
mass in cross section and heating elements which com- 
prise greater heat output capacity in areas where heat 
transfer is the greatest In addition, the heating plates 
comprise electrical connections and side rails providing 
insertion guides whereby each plate is reJeasbfy 
inserted into the instrument housing and thereby electri- 
cally connected as a modulariy replaceable part 

The instrument provides housing and control for the 
cassette and heating plates. The instrument also com- 
prises temperature and status displays and switches on 
a control panel user interface. A frame comprising the 
top rail guide is reciprocally operated to release and 
apply pressure between the heating plates wherein the 
cassette is inserted. Thereby, a cassette is factlely 
inserted and firmly held in position while parenteral fluid 
is passed therethrough and safely and efficiently 
heated. 

Accordingly, it is a primary object to provide a cas- 
sette for a parenteral fluid or Wood heater which safely 
and efficaciously heats the parenteral fluid or blood 

It is another primary object to provide a cassette for 
a parenteral fluid or blood heater which is disposable. 

It is another primary object to provide an apparatus 
which releasibry houses the disposable cassette. 

It is another primary object to provide at least one 
frame within the housing which releasibly accommo- 
dates at least two heating plates. 

It is another primary object to provide the at least 
two heating plates disposed within the frame to juxta- 
pose an interposed cassette placed therebetween. 

It is another primary object that a portion of the at 
least one frame be reciprocally adjustable whereby the 
cassette is placed under pressure between the heating 
plates while fluids are being warmed and released from 
such pressured containment for removal and replace- 
ment. 

It is a dominant object to provide the disposable 
cassette with foil membranes attached to and separated 
by a spacer comprising a serpentine path wherethrough 
fluid flows while warming. 

ft is a further dominant object to provide the cas- 
sette with foil members which are flexile. 

It is another dominant object to provide a restricted 
in the effluent path of the cassette whereby fluid flowing 
under pressure into the cassette creates a greater than 
ambient static pressure inside the cassette. 

It is another dominant object to provide pressurized 
contact between the heater plates and sandwich com- 
prising the foils and the spacer which exceeds and the 
static pressure inside the cassette. 

It is an object to provide expansion of the foils to 
make firm contact over substantially the entire heating 
surface of the cassette with each heating plate when 
fluid flows through the cassetta 

It is another dominant object to provide a foil which 



is physiologically inert to blood and other parenteral flu- 
ids thereby providing a heating plate to foil to fluid path 
for efficient thermal conduction. 

it is another object to provide a raised surface on 

5 one of the heating plates which matches a surface 
accessing opening of the cassette thereby providing 
direct contact between the heating plate and foil inter- 
face while providing accurate, facile positioning of the 
cassette within the apparatus during replacement 

10 It is a key object to provide a sensor in the effluent 
path of the cassette for a safety check and feedback for 
a temperature display and alert 

It is another key object to provide a plurality of heat- 
ing elements in each heating plate for redundancy and 

is distribution of the sources of heat. 

It is another key object to provide heating elements 
and heating plates comprising power and mass distribu- 
tion, respectively, which is substantially proportional to 
the rate of heat absorption of the fluid being heated as it 

20 flows through the cassette. 

It is another key object to test current flow through 
the heating elements and provide an alert indicating 
failure of a heating element if the cunent flow is not 
within predetermined tolerance limits. 

25 It is another key object to measure the temperature 
of each thermally separate section and provide an alert 
if measured temperatures do not agree within predeter- 
mined limits. 

It is a chief object to provide a controller comprising 
30 a miao-processor, memory, and an analog to digital 
converter. 

It is another chief object to provide a controller 
which comprises temperature measurement, memory 
for storing the measurements, and programming to 
35 compare and display measurements. 

It is another chief object to provide a controller pro- 
viding control of the heating elements. 

His another chief object to provide an operator con- 
trol panel comprising displays of set point temperature, 
40 effluent heated fluid temperature, and heating plate 
temperatures and controls for adjusting the set point for 
releasing compressive pressure on the cassette for 
removal and replacement and for controlling audio 
ALARM ON/OFF. 
45 It is a further chief object to provide ALARM. 
ALERT and ready indicators on the operator control 
panel. 

It is a still further chief object to provide an alpha- 
numeric display whereby causes of alarms and alerts 
so are displayed. 

It is another chief object to provide a time-sharing of 
the alpha-numeric display comprising presentation of 
heating plate temperatures during periods of norma) 
operation when alerts and alarms are not on. 
55 H is another chief object to provide an instrument 
ready indication on the alpha-numeric displays. 

These and other objects and features of the present 
invention win be apparent from the detailed description 
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taken with reference to accompanying drawings. 
DESCRIPTION OF DRAWINGS 

Figure 1 is a perspective of a parenteral fluid heat- 
ing assembly comprising a blood warming cassette, 
wherethrough parenteral fluid flows, disposed between 
two trapezoidal heating plates. 

Figure 2 is an exploded perspective of the cassette 
wherein four layered parts are seen. 

Figure 3 is a perspective of a frame for the cassette 
which is the first or lower layer in the cassette. 

Figure 4 is a perspective of a thin metallic foil which 
is disposed in direct contact with the frame to make a 
second layer. 

Figure 5 is a perspective of a spacer which is dis- 
posed on top of the second layer and defines a path for 
parenteral fluids. 

Figure 6 is a perspective of a thin metallic foil which 
is disposed on top of the spacer to provide uppermost 
containment of the parenteral fluid. 

Figure 7 is a section along lines 7,8-7.8 of Figure 1 . 

Figure 8 is a section along lines 7,8-7,8 of Figure 1 . 

Figure 9 is a sectional slice along 9-9 of Figure 3. 

Figure 10 is a schematic layout wherein steps in a 
production cycle of the cassette are seen. 

Figure 11 is a schematic showing major operational 
components of a fluid heating system. 

Figure 12 is a perspective of the Wood warming 
cassette. 

Figure 1 3 is an exploded perspective of a fluid heat- 
ing assembly and associated housing and control appa- 
ratus. 

Figure 14 is a layout of a control panel of the heat- 
ing and control system. 

Figure 15 is a cross section along lines 15-15 of 
Figure 13. 

Figure 16 is a block diagram of a heating and con- 
trol system of the fluid heating system. 

Figure 17 is a perspective of another embodiment 
of a Wood warming frame for a cassette. 

Figure 18 is a segmental portion of a cross section 
of a lower or bottom low inertia! mass heater and of a 
Wood warming cassette placed thereupon. 

Figure 19 is a section of a heating element for the 
low initial mass heater seen in part in Figure 18. 

Figure 20 is a perspective of the Wood warming 
cassette which employs the frame of Figure 17. 

MODES FOR CARRYING OUT THE INVENTION 

In this description, the term proximal is used to indi- 
cate the segment of the device normally closest to the 
operator when it is seen or being used. The term distal 
refers to the other end. Reference is now made to the 
embodiments illustrated in figures 1-20 wherein like 
numerals are used to designate like parts throughout. A 
currently preferred embodiment of a parenteral fluid 



heating assembly 10 is seen in Figure 1. Parenteral fluid 
heating assembly 10 comprises a fluid heating cassett 
20 disposed between an upper heating plate 12 and a 
lower heating plate 14. 

5 Cassette 20 comprises efficient thermal communi- 
cation with heating plates 12 and 14 through direct con- 
tact between the heating plates 12 and 14 and foils 
which are also in cfirect contact with fluid flowing through 
cassette 20 as is described in detail hereafter. Fluids 

10 enter into cassette 20 through inlet tube 1 10 and exit 
toward an infusion site through outlet tube 120. Inlet 
tube 110 and outlet tube 120 are firmly sealed to cas- 
sette 20 by adhesrves or other bonding agents. Tubes 
110 and 120 may be vinyl tubes commonly used in 

15 medical IV applications. Adhesrves and other bonding 
agents for affixing vinyl tubes to other synthetic resinous 
materials are well known and availaWe in the art As is 
common practice when "infusing intravenous fluids, a 
bubWe trap (not shown) is disposed between a patient 

20 and the cassette when in normal use. A fluid tempera- 
ture sensor 130 is disposed in the outlet Wood path 
which provides a signal which is sampled and converted 
to a digital number for Wood temperature display and for 
computer based automatic checking and generation of 

25 an alert in the event outlet blood is outside preset limits. 
Cassette 20 is comprised of four parts, a frame 1 00, 
a lower heat transmitting layer 200, a spacer 300, and 
an upper heat transmitting layer 400, as seen in Figure 
2. Frame 100 provides structural support for the other 

30 parts of cassette 20. As is better seen in Figure 3, frame 
100 comprises a distal support 168, a proximal side 
member 102, a distal side member 166, and a proximal 
support 178. Disposed prooomalry from proximal sup- 
port 178 is a right pedestal 160 and a left pedestal 170 

35 each of which is connected to proximal support 178 by 
a top support plate 104 in the plane of side members 
102 and 166. Frame 100 is fabricated by molding or 
machining from rigid, synthetic resinous material which 
is essentially inert to parenteral fluids. A material such 

40 as cyrolyte (trade mark) may be used for frame 100. 

Distal support 168 comprises a vertically oriented 
planar strip substantially disposed across the width of 
cassette 20. Proximal support 178 also comprises a 
vertically oriented planar strip substantially disposed 

45 across the width of cassette 20. The two supports 168 
and 178, in combination, provide a stand for frame 100 
and also provide guide members for inserting cassette 
20 into a position of use as is descrfoed in detail later. 
Frame 100 comprises an attachment port 112 for 

50 inlet tube 110 in pedestal 160. Attachment port 1 12 is 
sized and shaped to accept plastic inlet tube 110, as 
seen in Figure 1 . Plastic inlet tube 1 10 is selected from 
materials generally used for parenteral fluid transport in 
medical practice. Similarly, pedestal 170 comprises an 

55 attachment port 122 for outlet tube 120. Tube 120 is 
essentially the same tubing material as inlet tube 110. 
Pedestal 170 comprises another port 132 wherethrough 
a temperature sensor 130 is inserted and firmly affixed 
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with an leak-proof seal. 

Pedestal 1 60 comprises a right angle flow path 1 1 6 
assignffiedbyanows146and164inFigur 2. Pedestal 
160 comprises an orifice 114 through top support plate 
104 where inlet flow enters cassette 20. Frame 100 s 
comprises a thin ridge 142 which is disposed on top 
support plate 104 around the perimeter of the top of 
frame 100. Disposed medially from ridge 142 in top sup- 
port plate 104 is a tower surface 144, separated from 
ridge 142 by a rim 106. best seen in Figure 3. Lower 10 
surface 144 comprises a medial access 108 where- 
through an opening is provided in top plate 104. The 
use and function of opening 108 is described in detail 
hereafter. 

Pedestal 170 comprises an outlet orifice 124 and is 
right angle flow path 1 26. However, as seen in Figure 9, 
flow path 126 is partially interrupted by a flow restricted 
180 thereby providing a flow path of reduced diameter 
relative to the diametral size of outlet orifice 124 and 
inlet orifice 114. Restrictor 180 produces a measurable 20 
pressure drop across flow path 1 26 thereby providing a 
greater than ambient pressure in cassette 20 when 
pressurized fluid is flowing therethrough. 

Pedestal 170 also comprises a temperature sensor 
port 132 wherein sensor 130, seen in phantom lines in 25 
Figure 9, is inserted to measure fluid flow temperature 
in outlet path 126. Fluid contacting parts of sensor 130 
are sterilizable and covered by a material which is 
essentially physiologicaHy inert. Such sensors are 
known and available in the art so 

Referring again to Fgure 3, a depression is formed 
around the edges of orifice 114 in top surface 144 of top 
plate 104 of such a thickness that an adhesive 162 
placed therein fills the depression without rising sub- 
stantially above surface 144. A simitar depression 35 
wherein adhesive 162 is disposed is formed about ori- 
fice 124. Adhesive 162 is also disposed on top surface 
144 along media) access opening 108. Adhesive 162 
may be a thermal or other adhesive selected from adhe- 
sives which are known and available in the art <o 

As seen in Figures 2 and 4, a thin foil, which may be 
metallic or other material which is highly thermally con- 
ductive and essentially inert to physiological fluids pro- 
vides aftrst heat conductive layer 200. Such a layer 200 
may be silver plated copper. Such a silver plated copper 4$ 
foil may be in the range of 12.7 x lO^m (0.0005 inches) 
to 127 x lO^m (0.005 inches) thick. The silver plating 
may be of the order of 1.27 x 10" 6 (0.00005 inches) 
thick. Layer 200 comprises a rectangular shape having 
a top surface 204. a bottom surface 206 attached to a so 
proodmalry extending fight ear 260 and a proximalty 
extending left ear 270. Layer 200 is seen bottom side up 
surrounded by a ring of adhesive 262 on bottom surface 
206. Similarly, ear 260 comprises an orifice 212 which is 
surrounded by a similar ring of adhesive 262. Adhesive 55 
262 may be as adhesive 162. 

The perimeter 202 of layer 200 comprises a shape 
which nests within rim 1 06 when layer 200 is juxtaposed 



frame 100. The height of rim 106 is greater than the 
thickness of layer 200. Layer 200 may be in the range of 
5.08 x 10"* metres (0.0002 inches) to 127 x 10* 6 metres 
in thickness while the depth of rim 106 may be in the 
range of 889 x 10" 6 metres (0.035 inches). To attach 
layer 200 to frame 100. layer 200 is nested on surface 
144 within the perimeter of rim 106. When disposed 
thereat and firmly attached thereto, orifice 224 is juxta- 
posed and aligned with orif ice 124 and orif ice 212 is jux- 
taposed and aligned with orifice 1 16, thus providing 
continuous fluid pathways, as indicated in Figure 2 by 
arrows 274 and 264. respectively. 

A f lowpath determining spacer 300 is seen in Fig- 
ures 2 and 5. As seen in Figure 5. spacer 300 is a planer 
part of homogenous thickness which defines a serpen- 
tine path 308 comprising a length which is long relative 
to a width which is wide compared to a depth which is 
essentially the thickness of an edge 302. The thickness 
of edge 02 is in the range of 1.02 x I0' 3 m (0.040 
inches). The part is formed by stamping or machining 
and deburred to eliminate any rough edges whereat 
blood or other active fluids may accumulate and react 
Spacer 300 comprises an outer perimeter 312 of essen- 
tially the same shape and size as that of layer 200 such 
that spacer 300 also nests within rim 106 when spacer 
300 is juxtaposed and aligned with layer 200 such that 
extending ears 360 and 370 are juxtaposed with ears 
260 and 270, respectively. 

As seen in Figure s, spacer 300 comprises a mostly 
open medial section providing the serpentine path 
defined by medial edge 30a A series of path separators 
310 extend proximaDy and distaHy to separate and 
effectively lengthen the fluid flow path. In cross section, 
path separators may be in the range of 4.8 x 10* 3 m 
(three sixteenths of an inch) wide and 1.02 x 10* 3 (0.04 
inches) wide. Separator 310 disposition within spacer 
300 provides a pathway in the range of 15.88 x I0" 3 m 
(five-eigths of an inch) 1016 x 1.02 x lO^m (0.04 
inches) high. As seen in Figure 2, the fluid follows a path 
defined by an inlet defining arrow 314, a plurality of 
arrows 320 in seriatim, and an outlet defining arrow 324. 
When spacer 300 is placed on layer 200 and disposed 
within rim 106 a free path comprising the flow path 
defined by arrows 146. 164, 264, 314, 320. 324, 274. 
174, and 148 trace input to output flow. A top layer 400 
seen in Figures 2 and 6, is placed and affixed by adhe- 
sive 362 to spacer 300 to provide a topmost contain- 
ment 

Spacer 300 comprises a homogeneous layer of 
adhesive 362 on top surface 304 and bottom surface 
306. By such, each layer 200 and layer 400 is adhe- 
sively attached to spacer 300 thereby forming the con- 
tained serpentine path wherein the fluid is heated. As 
seen in Figure 6, top layer 400 comprises essentially 
the same shape, including two ears 460 and 470, as 
spacer 300 and layer 200. However, the only shaping 
requirement for layer 400 is for the serpentine path to be 
completely covered and the peripheral edge 402 of 
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layer 400 be reasonably free of edges which provide 
opportunity for catching and tearing. The combined 
thickness of layer 200, spacer 300. and layer 400 is 
greater than the thickness of rim 106 such that when 
frame 100. layer 200, spacer 300 and layer 400 are 5 
assembled to form cassette 20. the top side 404 of layer 
400 is accessible by the bottom 22 of an associated pla- 
nar top heating plate 12. 

As mentioned earlier, when a pressurized fluid 
flows through cassette 20, restrictor 180 causes an 10 
above ambient backpressure in cassette 20. Referring 
to Figure 7. a cross section of a portion of heating 
assembly 10 is seen wherein the heating plates 12 and 
14 are tightly clamped upon cassette 20, making firm 
contact above and below supports provided by spacer is 
300 parts. As shown in Figure 7. the supporting parts 
comprise path separators 310. In the vicinity of each 
separator 310. close contact is maintained between the 
upper surface 404 of layer 400 and the bottom surface 
22 of heating plate 1 2 and the lower surface 206 of layer 20 
200 and the top surface 82 of bottom heating plate 14. 
However, in between the supporting parts, inherent flex- 
ibility and lack of other support allows each foil layer 200 
and 400 to separate from direct contact with heating 
plates 1 2 and 14. The separation between the foil layers 2s 
200 and 400 and associated heating plate surfaces 82 
and 22. is magnified in Rgure 7 for clarity of presenta- 
tion; however, poor thermal conductivity of an air space 
resulting from any separation causes a marked degra- 
dation in the efficiency of a heater. 30 

As seen in Rgure 8. when cassette 20 is filled with 
pressurized fluid 444, greater than ambient static pres- 
sure on inner surfaces 406 and 204 forces layers 400 
and 200, respectively, outward. As a result outer sur- 
faces 206 and 404 are forced to be flush against sur- 35 
faces 82 and 22, respectively. This close forcing contact 
between layers 200 and 400 and surfaces 22 and 82 
provides a contact of very low thermal resistance. The 
high conductivity of the foils of layers 200 and 400 fur- 
ther increase the efficiency of thermal conductenca 40 

K is well known in the art that lower than ambient 
pressures result in outgassing from parenteral fluids 
which provokes the formation of bubbles along a flow 
path. In some cases, distortion of plastic bags and other 
flexible containers in some heaters create such nega- as 
tive pressures with resulting bubble formation. Bubbles 
disposed across an otherwise useful thermal conduc- 
tive path significantly reduce heater efficiency. The 
higher than ambient static pressure within cassette 20 
essentially eliminates outgassing and formation of bub- so 
bles within the flow path. 

As seen in Figure 2, frame 100 also comprises a 
tab 140 on which is a semicircular extension of top plate 
104 about the mid-point of side 102. Another tab 150 is 
similarly shaped and disposed as an extension of top 55 
plate 104 about the mid-point of side 166. Tabs 140 and 
150 provide handles for use in handling cassette 20 and 
for use in inserting cassette 20 between heating plates 



12 and 14. A fully assembled cassette 20 is seen in Fig- 
ure 12. 

Referring again to Figure 1 . cassette 20 is disposed 
between top heating plate 12 and bottom healing plate 
14 which, in combination with cassette 20, comprise the 
three components of heating assembly 10. Top heating 
plate 12 is reciprocally moved up and down as shown by 
anew 464 to release and make pressurized contact with 
cassette 20. Bottom heating plate 14 provides a static 
mounting surface for cassette 20. 

The three components of heating assembly 10 are 
better seen in Figure 13. In this currently preferred 
embodiment bottom heating plate 14 is rectangularly 
trapezoidal. The height of side 30, which is disposed on 
the inlet side of cassette 20 is greater than the height of 
outlet side 58 thereby providing greater mass of heating 
plate 1 4 where fluid heat absorption is the greatest. 

Bottom plate 14 comprises a planar top surface 82. 
Planar top surface 82 comprises a shape which con- 
forms to the size and shape of medial access 108 of 
frame 1 00 as seen in Figure 3 such that when cassette 
20 is set upon bottom plate 14 surface 82 nests within 
medial access 108 and directly contacts surface 206 of 
layer 200. A peripheral rim 72 around surface 82 is 
therefore thicker than rim 108. Further the width Dimen- 
sion of bottom plate 14, seen as dimension line 322 is 
shorter than the normal distance between proximal sup- 
port 178 and distal support 168. Thereby, cassette 20 
straddles bottom heating plate 14 when mounted ther- 
eon. 

Bottom heating plate 14 comprises a pair of guide 
rails 64 and 66 disposed equidistant from surface 74 on 
opposite sides 30 and 58. respectively, and provides 
guide rails for facta insertion of bottom heating plate 14 
into a heating instrument 540, also seen in Rgure 13. 
Heating instrument 540 comprises a pair of rail guides 
564 and 566 for accepting insertion of bottom heating 
plate 14. Prior to use, bottom heating plate 14 is 
inserted with rails 64 and 66 dovetailing with rail guides 
564 and 566 and fully inserted until an electrical male 
connector (not shown) on the distal side of bottom heat- 
ing element 14 engages with a female connector 542 
distally disposed in instrument 540, thereby providing 
power and control connections. Male/female connectors 
for such slide in connections are known and available in 
the art. 

Heating of bottom heating plate 14 comprises a 
combined function of a plurality of heating elements, 
which are better seen in Rgure 1 5. In the currently pre- 
ferred embodiment, four heating elements 492, 494, 
496. and 498 comprise a gradation of power output 
Heating element 492, disposed in the thicker portion of 
bottom heating block 14, comprises the highest wattage 
in the range of 400 watts, while heating element 498 is 
the lowest wattage in the range of 150 watts. Heating 
element 494 is in the range of 300 watts, and heating 
element 496 is in the range of 200 watts. Of course, use 
of heating elements comprising different numbers of 
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elements and power ratings is within the scope the 
invention. Such heating elements are known and availa- 
ble in the art 

Bottom heating plate 14 is substantially divided into 
two thermaDy separated sections 36 and 38 by a chan- 
nel 62. Channel 62 provides an upward cut to a base 68 
leaving adequate material tor physical strength, but sig- 
nificant thermal isolation between the sections 36 and 
38. As seen in Figure 15, two temperature sensors 86 
are disposed in each section 36 and 38 for reasons 
which are described in detail later. 

Referring again to Figure 13, a pedestal support 28 
is disposed on the right proximal side of section 36 at a 
level which provides support protection and thermal 
contribution, for cassette 20 pedestal 160 when cas- 
sette 20 is disposed on bottom heating plate 1 4. A sec- 
ond pedestal support 26 is disposed on the left proximal 
side of section 38 for similar protection and support of 
pedestal 170. 

As seen in Figure 13, rectangular trapezoidal top 
heating plate 12 is similar, but disposed as a mirror 
image, to bottom heating plate 14. Bottom surface 22 is 
flat to compressively and fully contact the top surface 
404 of layer 400. The trapezoidal structure of heating 
plate 12 comprises the greatest mass near the connec- 
tion of inlet tube 110 when heating plate 12 is juxta- 
posed with cassette 20. 

Top heating plate 12 also comprises guide rails, 
one guide rail 42 being disposed on the inlet port 112 
side and another guide rail 44 being disposed on the 
outlet port 122 side. Heating instrument 540 comprises 
a pair of rail guides 542 and 544 for accepting insertion 
of guide rails 42 and 44, respectively. Thereby, heating 
plate 12 is releasibry inserted into heating instrument 
540 and electrically connected, in similar fashion to bot- 
tom heating plate 14, to a female connector 576 seen 
through a cut-away of parts of instrument 540 in Figure 
13. Top heating plate 12 comprises four heating ele- 
ments 492, 494, 496, and 498 having similar power rat- 
ings and positions relative to those previously described 
for bottom heating plate 14. 

A further similarity to bottom heating plate 1 4 is the 
division of top heating plate 1 2 into two thermally sepa- 
rated sections 46 and 48 by a channel 40 which pro- 
vides a downward cut to a base 76 which provides 
thermal separation while affording adequate material 
strength to compress against cassette 20 without sub- 
stantial geometric distortion of bottom plate 22. 

Top heating plate 12 comprises four temperature 
sensors 86 in similar relative disposition to the tempera- 
ture sensors 86 in bottom heating plate 1 4. Top heating 
plate 12 comprises a pedestal shield disposed to pro- 
vide protection and thermal contribution above each of 
the pedestals of cassette 20. When cassette 20 is dis- 
posed below top heating plate 12, pedestal shield 32 is 
juxtaposed above pedestal 160 and pedestal shield 34 
is juxtaposed above pedestal 170, thereby providing a 
protection against inadvertent upward movement of the 



cassette 20 pedestals. 

To complete the assembly of instrument 540, top 
plate 14 is sfidabry inserted into rail guides 542 and 544 
in a direction indicated by arrow 488 until connector 576 

5 connects with the male connector on the distal side of 
top plate 14 and bottom plate 12 is likewise inserted into 
rait guides 564 and 566 in a direction indicated by arrow 
486. Rail guides 542 and 544 are part of a vertically 
reciprocabie frame 590. Frame 590 comprises a top 

w guide plate 594, which substantially comprises the 
same slant along a bottom surface 568 as that of sec- 
tions 46 and 48 of top heating plate 1 , and connection to 
an air cylinder 588 through a biaxial articulating joint 
592 disposed therebetween. Articulating joint 592 

is allows the plane of surface 22 of top heating plate 12 to 
conform to the plane of each cassette 20 disposed 
thereunder when frame 590 is lowered to compressively 
sandwich cassette 20 between heating plates 12 and 
14. 

20 A frame 560 comprises rail guides 564 and 566 and 
a cavity, bounded on the bottom by slanted surface 598 
of lower mounting plate 596, which is sized and shaped 
to releasfoly accept insertion of bottom heating plate 14. 
Frame 560 provides static support first for bottom heat- 

25 ing plate 1 4 and therefore for cassette 20 when residing 
thereupon and for top heating plate 12 when compres- 
sively lowered to rest upon cassette 20. 

Instrument 540 comprises a control panel 570 
whereby a user controls insertion and extraction of cas- 

so sette 20 and ascertains the status of instrument 540 
operation. As seen in Figure 14, control panel 570 com- 
prises an alpha-numeric display 572, a blood, or other 
parenteral fluid temperature display 574, a set point 
temperature display 558, an ALERT indicator 582, a 

35 video ALARM indicator 584, an audio ALARM toggle 
switch 538, a frame 590 DISENGAGE control switch 
556, a frame 590 ENGAGE control switch 586. a set 
point temperature INCREASE switch 556', a set point 
temperature DECREASE switch 554 and a power 

40 ON/OFF switch 580. 

Control panel 570 comprises the user interface for 
an electrical control system 680 seen schematically in 
Figure 16. AD of the components of electrical control 
system are commercially available and are used in a 

46 manner well known in the art. Electrical control system 
comprises a rrocro-controiler 670, heating element driv- 
ers 610, conductance sensing circuits 620, a power 
supply 650 and power cord and connector 660, an elec- 
trical driver 630 for an electrically controlled pneumatic 

so valve 640, and interconnections to control panel 570 
components and other electrical components such as 
connectors 576 and 542 seen in Figure 13. In the cur- 
rently prefened embodiment, alpha-numeric display 
572 is a two-line by twenty-four character liquid crystal 

55 display although other displays and display sizes are 
within the scope of the invention. Displays 574 and 558 
are three digit numerical displays. Video indicators 584 
and 582 are light emitting diodes, although other dis- 
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plays and indicators may be used within the scope of 
the invention. 

Micro-controller 670 comprises memory, an A/D 
converter, and a microprocessor by which electrical 
control system 680 is programmably controlled. Identi- s 
cal thermal control interfacing circuits are provided for 
top heating plate 12 and bottom heating plate 14. For 
this reason, only the thermal control for bottom heating 
plate14isde$crfoed. 

Conduction in heating elements 492, 494, 496, and 10 
498 is controlled as sensors 86 provide measurements 
of temperature which are below and above preset limits 
for a previously selected set point temperature. As seen 
in Rgure 14, depression of switch 556* raises the value 
of a micro-controller 670 stored set point temperature is 
which is displayed on set point temperature display 558. 
Depression of switch 554 reduces the stored and dis- 
played set point temperature. 

As earlier related, heating plate 14 comprises four 
temperature sensors 86, two in each thermally sepa- 20 
rated section 36 and 3a In addition, a temperature sen- 
sor 86 is disposed in cassette 20 for measuring fluid 
temperature at outlet port 1 22. The temperature of each 
sensor of each pair of temperature sensors in each ther- 
mally separated section 36 and 38 in heating plate 14 is 25 
sensed and compared with the other sensor of the pair. 
If agreement within tolerable limits, is found between 
each pair of heating plate 14 sensors 86, the mean 
value of the four measured temperatures is calculated 
and displayed on a line of alpha-numeric display 572 as 30 
seen in Rgure 14. If agreement between each pair of 
sensors 86 is found not to be within tolerable limits, 
ALERT Indicator 582 is Bt and a message indicating the 
cause of the ALERT is displayed in place of the mean 
temperature on alpha-numeric display 572. Also, when 35 
the heating elements heat a conductance test is made 
by conductance test circuit 620 of the current which 
flows across the parallel circuit comprising heating ele- 
ments 492. 494, 496, and 498 of heating plate 14. If the 
current measured by the conductance test is not within 40 
preset limits ALERT indicator 582 is lit and an appropri- 
ate message is displayed on alpha-numeric olsplay 572. 
ALERT indications provide information to the user that a 
problem exists in instrument 540, but may be treated 
without Discontinuing fluid warming and delivery. 45 

In any circumstance, if sensors 86 measure a tem- 
perature which exceeds preset safe level, such as in the 
range of 39 plus degrees centigrade, or a temperature 
which is greater than preset limits above the set point 
temperature, an ALARM condition is initiated. Therefor, so 
ALARM indicator 584 is GL Also an audio alarm is 
sounded, unless turned off by alarm toggle switch 538. 
Other ALARM conditions comprise a detected sensor 
86 failure, a mean temperature difference between 
heating plates 12 and 14 which exceeds a preset level ss 
for a given set point and either heating plate 12 or 14 
not reaching temperature within a preset period. 

In all cases, the reason for an ALARM and for an 



ALERT is displayed on alpha-numeric cfisplay 572. 
Alpha-numeric display 572 is a time-shared, multipl 
message display center. During normal operation, dis- 
play 572 provides a READY indication by displaying top 
heating plate 12 and bottom heating plate 14 mean 
measured temperatures. 

Electrical control system 680 comprises three inter- 
locks, which, when not properly closed, also generate 
ALARM conditions. A first interlock 602 detects the 
presence of top heating plate 12 connected to connec- 
tor 576. A second interlock 604 detects the presence of 
bottom heating plate 14 connected to connector 578. A 
third interlock 606 is provided with a position sensitive 
switch, not shown, which detects that cassette 20 is in 
place in instrument 540. 

Before using instrument 540. therefore, cassette 20 
must be in place, interposed between top heating plate 
12 and bottom heating plate 14 in instrument 540. 
Before inserting cassette 20, frame 590 is raised. As 
seen in Figure 14, a heater DISENGAGE switch 556, 
when depressed, is detected by micro-controller 670. 
Upon sensing depression of switch 556, micro-control- 
ler 670 sends a signal to a driving circuit 630 which 
relieves pressure communicating through an electrically 
controlled pneumatic valve 640. A compressed air 
source 642 provides pressurized fluid to drive air cylin- 
der 588 when valve 640 is open. Cylinder 588 com- 
prises a spring or otherwise powered return which 
retracts cylinder 588 and thereby raises frame 590 
when valve 640 is dosed. 

When frame 590 is DISENGAGED or raised, limited 
space is provided to insert cassette 20 laterally between 
heating plates 12 and 14 as indicated by the direction of 
arrow 484 in Rgure 13. The separation required for 
insertion of cassette 20 into instrument 540 is only a dis- 
tance defined by the length from top surface 404 of foil 
400 to the bottom of side support 102, which is much 
less than the width of a finger of a user for a measure of 
safety. Once cassette 20 is in place with surface 82 of 
heating plating plate 14 nesting within medal access 
opening 108, ENGAGE switch 586, seen in Rgure 16, is 
depressed, signalling mioo-controller 670 to send a sig- 
nal to driving circuit 630 which closes valve 640 to send 
compressed air to cylinder 588 and engage frame 590. 

With cassette 20 disposed in instrument 540, con- 
nection is made with a parenteral fluid source and a 
parenteral fluid pressurizing source as seen schemati- 
cally in Rgure 11. Physiological fluids 52 are often 
stored and available in plastic bags 50 comprising a 
reinforced hole 56 whereby the bag is hung on a hook 
90 and an outlet port 54 whereby a connection is made 
through a tube 70 to a pressure source. Pressure is 
acquired from a pressure source 60 which is available in 
many forms in the art It is common practice to pressu- 
rize influent fluids at 40 x 1 0 3 pascals (300mm of Hg). 

As seen in Figure 1 1, a fluid circuit generally com- 
prises a fluid 52 source 50 connected by tubing 70 to a 
pressure source 60 and therefrom through inlet tubing 
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1 1 0 to cassette 20 which is disposed between heating 
plates 1 2 and 1 4. Fluid flows therethrough to be heated, 
with effluent flow through outlet tubing 120 to a patient 
as indicated by arrow 18. It is common practice to inter- 
pose a bubble trap between outlet tube 120 and the 5 
patient When a pressure source is not available, a bag 
50 can be hung by a from a hook 90 disposed suffi- 
ciently above cassette 20 to provide a gravity based 
static pressure head and allow flow directly from outlet 
tube 70 through a direct connection indicated by phaiv w 
torn tube 80 to inlet tube 1 10. 

A method for making cassette 20 is provided in Fig- 
ure 1 0. As assembly table 500 which rotates about cen- 
tre 520 provides twelve stations which are numbered 
sequentially with Roman numerals from k-XII. At station is 
I, a frame 100 is loaded as indicated by arrow 502. At 
station ll f a bottom foil layer 200 is placed inside rim 106 
as previously described and as indicated by arrow 504. 
Arrow 506 illustrates application of a heater 510 to 
adhesively bond foil layer 200 to frame 100 at station 111. 20 
Station IV Is a cooling station. At station V, spacer 300 is 
placed to reside within rim 106 as indicated by arrow 
508. At station VI, top foH layer 400 is placed upon 
spacer 300 as indicated by arrow 512. Application of 
another heater 510 as indicated by arrow 514 adhe- 25 
srvety bonds foil layer 200 and spacer 300 and spacer 
300 and foil layer 400 occurs at station VIL Station VIII 
is a cooling station. A first tube, inlet tube 1 10, is adhe- 
sively attached at Station IX as indicated by arrow 516. 
At station X, a second tube, outlet tube 120. is similarly 30 
adhesively attached as indicated by arrow 528. Station 
XI is unused, but available for inspection. At station XII, 
each completed cassette is removed as indicated by 
arrow 522. 

Another currently preferred embodiment of a frame 35 
100* which is similar in shape and function to frame 100 
is seen in Figure 17. Frame 100* provides structural 
support for the other parts of a cassette 20' in much the 
same manner as frame 100 provides support for cas- 
sette 20, except as explained hereafter. Frame 100' 40 
comprises two side supports 168* and 168", distal side 
member 150**, and a proximal side member 770. Dis- 
posed praxirnally from proximal side support 770 is a 
right pedestal 170*. a left pedestal 160*. and a ledge 
150*. each of which is connected to proximal support 45 
770 by a top support plate 104*. Note that pedestals 
160* and 170* are the same as pedestals 160 and 170 
for frame 1 00, but disposed as a mirror image in frame 
100'. Ledge 150* is disposed between pedestals 160* 
and 170* as an extension of surface 104*, thereby pro- so 
viding a central handle for purposes similar to those of 
handles 140 and 150 of frame 100. Frame 100* is fabri- 
cated by molding or machining from rigid, synthetic res- 
inous material which is substantially inert to parenteral 
fluids. A material such as cyrolyte may be used for 66 
frame 100*. 

Each side support 168* and 168** comprises a verti- 
cally oriented planar strip essentially disposed across 



the proximal-to-distal width of cassette 20*. The two 
supports 1 68* and 1 68", in combination, provide a stand 
for frame 100* and also provide guide members for 
inserting cassette 20* into a position of use as is 
described in detail later. 

Frame 100* comprises an attachment port 112 for 
inlet tube 110 in pedestal 160'. Attachment port 112 is 
sized and shaped to accept plastic inlet tube 110. Simi- 
larly, pedestal 170' comprises an attachment port 122 
for outlet tube 120. Pedestal 170' comprises another 
port 132* wherethrough a temperature sensor 130 is 
inserted and firmly affixed with a leak-proof seal 

Pedestal 160* comprises a right angle flow path 116 
as signified by arrows 146 and 164 in Figure 17. Pedes- 
tal 160' comprises an orifice 114 through a lower top 
surface 144* where inlet flow enters cassette 20*. Frame 
100* comprises a thin ridge 142' which is disposed on 
top support plate 104* around the perimeter of the top of 
frame 100*. Disposed medially from ridge 142* in top 
support plate 104* is lower surface 1 44*. separated from 
ridge 142* by a rim 106*. Lower surface 144* comprises 
a medial access 108*. which is the same as medial 
access 108 of frame 100 and wherethrough an opening 
is provided in top plate 104*. The use and function of 
opening 108 is the same as medial access opening 108 
of frame 100, described above 

Pedestal 170* comprises an outlet orifice 124 and 
right angle flow path 1 26. However, as seen in Figure 9, 
flow path 126 is partially interrupted by a flow restrictor 
180 thereby providing a flow path of reduced diameter 
relative to the diametral size of outlet orifice 124 and 
inlet orifice 1 1 4. Similar to Hs use in frame 1 00, restrictor 
180 produces a measurable pressure drop across flow 
path 126 thereby provkfing a greater than ambient pres- 
sure in cassette 20 when pressurized fluid is flowing 
therethrough. 

Pedestal 1 70* also comprises a temperature sensor 
port 132* wherein sensor 130. is inserted to measure 
fluid flow temperature in outlet path 126. 

Referring again to Figure 17. a depression is 
formed around the edges of orifice 114 in top surface 
144' of top plate 104* of such a thickness that an adhe- 
sive 162 placed therein fills the depression without ris- 
ing substantially above surface 144*. A similar 
depression wherein adhesive 162 is disposed is formed 
about orifice 124. Adhesive 162 is also disposed on top 
surface 144* along medial access opening 108*. Adhe- 
sive 162 may be a thermal or contact adhesive selected 
from adhesives which are known and available in the 
art 

As described for cassette 20, a foil 200. a spacer 
300, and a foil 400 is disposed and adhesively attached 
above frame 100* to form cassette 20' as seen in figure 
20. Cassette 20* thereby comprises ledge 150* which 
provides a handle In combination, with sides 168* and 
168" ledge 150' provides a front entry cassette Direc- 
tion of insertion . therefore, is in the direction of arrow 
776 (see figure 20) into the front side of instrument 540 
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which comprises front panel 570. 

As seen in Figure 18, a cross section of a portion of 
cassette 20' is disposed above low thermal mass heater 
14*. Cassette 20' comprises frame 100*. lower toil 200, 
spacer 300, and upper cover foil 400. In use, another s 
low thermal mass heater, similar in structure to tow ther- 
mal mass heater 1 4', but disposed for use in the manner 
of heating plate 12 of cassette 20, is disposed above 
cassette 20 or 20*. As use of the other low thermal mass 
heater is substantially the same as the use of heating 10 
plate 1 2 and the structure of the other tow thermal mass 
heater is essentially the same as low thermal mass 
heater 14', structure and function of the other low ther- 
mal mass heater is not further described. 

Low thermal mass heater 14* comprises a stand is 
740, a captured layer of thermal insulation 710, a flexi- 
ble film heater layer 730 and a heat distribution layer 
720. Stand 740 comprises an outer leg 704 on each lat- 
eral side of heater 14* and a plurality of inner supports 
702. Stand 740 is made from rigid synthetic resinous 20 
material. 

The film heater layer 730 is disposed above thermal 
insulation layer 710 which is captured in a recess 712 in 
the top of stand 740. Thermal insulation layer 710 com- 
prises a relatively thick layer when compared to the 25 
thickness of film heater layer 730 and is made from 
highly thermally insulating material. The insulating 
material may be paper. 

Film heater layer 730, best seen in Figure 19, com- 
prises a plurality of thin conductors 732 and 734 pre- so 
pared in a manner similar to that of printed wiring. So 
made, the resistance of end conductor 732 and 734 is 
varied end to end to provide an area of greatest heat 
output where heat absorption by the parenteral fluid 
flowing through cassette 20 or 20' is the greatest Rim as 
heater layer 730 may be a Flexible TherrnofoO Heating 
Element or a Glass Reinforced Silicon Rubber Heater 
manufactured and distributed by Minco Products, Inc.. 
7300 Commerce Lane. Minneapolis, Minnesota 55432. 

Heat distribution layer 720 is cfisposed at the inter- 40 
face between cassette 20 or 20' and f3m heater layer 
730 and is bonded or otherwise adhesively attached to 
film heater layer 730. Heat distribution layer 720 com- 
prises sufficient heat capacity to provide a hornogenous 
temperature at the interface, yet is sufficiently thin the 45 
provide a rapid thermal response, to lower foil 200 
which comprises a similar pressured surface 206 to sur- 
face 722 contact with heat distribution layer 720 as ear- 
tier described above for the contact between cassette 
20 and heating plate 14. Heat distrtoution layer 720 so 
comprises a planar pattern similar to the pattern of top 
surface 82 of heating plate 14 such that the top surface 
722 of thermal distribution layer 720 fits within the 
perimeter of media) access 108 or 108* of cassette 20 or 
20*. respectively. ss 

Provided as a part of film heater layer 730 is at least 
one thermal sensor 786 which measures the tempera- 
ture of the heat Distribution layer 720. In the currently 



preferred embodiment at least two thermal sensors are 
used to provide redundancy of measurement whereby a 
poorly performing sensor 786 is detected and an alert is 
thereby provided, as earlier described. 

Low thermal mass heater 14' comprises a pair of 
grooves 706, on each side, one of which is seen in Fig- 
ure 18. The grooves provide for facde, tonguesrHjroove 
insertion into an instrument in the same manner as 
guide rails 64 provide insertion for healing plate 14. 
Electrical connection of low thermal mass heater 14* is 
made in the same way as heating plate 1 4 is connected. 

Claims 

1. A cassette (20, 20 1 ) adapted for placement between 
a pair of heating elements (12, 14) so as to warm 
parenteral fluids flowing through the cassette for 
intravenous delivery to a patient the cassette com- 
prising: 

insulative passageway means defining a thin, 
planar serpentine flow path (300, 314, 320, 
324) having top and bottom sides an inlet end 
and an outlet end, such that a thin sheet of 
parenteral fluid enters the inlet end, travels 
through the serpentine flow path, and exits the 
outlet end; 

a first flexible, heat conductive membrane 
means (200) providing heat transfer from one 
of the heating elements to one of the top and 
bottom sides of the serpentine flow path, 
a second flexible, heat conductive membrane 
means (400) providing heat transfer from the 
other heating element to the other of the top 
and bottom sides of the serpentine flow path, 
such that said serpentine flow path is essen- 
tially completely covered on the top and bottom 
sides thereof from the inlet to the outlet ends by 
the first and second heat conductive mem- 
brane means which are insulated and spaced 
from one another; 
characterised in that 

the cassette (20, 20*) is disposable; 
the insulative passageway means is for 
insulating, supporting and spacing the first 
and second heat conductive membrane 
means (200, 400) one from the other; 
the first heat conductive membrane means 
(200) is supported on one side of the said 
passageway means, the first heat conduc- 
tive membrane means comprising an inlet 
port (212) for communicating the 
parenteral fluid to the inlet end of the ser- 
pentine flow path and an outlet port (224) 
for exit of the warmed parenteral fluid from 
the serpentine flow path; 
the second conductive membrane means 
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(400)is supported on an opposite side of prececfing daim wherein said support means com- 

the said passageway means so as to be prises guide means (168, 178) providing sliding 

insulated from the first flexible heat con- engagement onto one of the heating elements, 
ductive membrane means (200) such that 

the first and second heat (*>nductive mem- s 10. A disposable cassette (20, 20*) as defined in any 

brane means are insulated and spaced preceding claim further comprising sensor means 

from one another; and further cornprising: (130), in communication with the warmed 

support means (100) providing a periph- parenteral fluid exiting the serpentine flow path, for 

era! framework that encompasses and detecting the temperature of the warmed parenteral 

sealingry receives and holds generally in 10 fluid, 
the plane of the serpentine flow path 

essentially the first and second heat con- 1 1. A disposable cassette (20, 20*) as claimed in Claim 

ductive membrane means with the insula- 1 further comprising healing means in contact with 

five passageway means sandwiched said first and second heat conductive membrane 

therebetween without obstructing contact 15 means for generating a gradation of heat energy 

of the first and second heat conductive such that more heat energy is available for transfer 

membrane means with the pair of heating to the parenteral fluid at the inlet end of the serpen- 

element when the cassette is placed there- tine flow path than is available for transfer to the 

between. parenteral fluid at the outlet end of the serpentine 

20 flow path. 

2. A disposable cassette (20, 20*) as defined in Claim 

1 wherein said passageway means (300) com- 12. An apparatus as defined in any preceding claim 

prises a unitary member having opposing end and wherein said heating means comprises first and 

side pieces joined together to form a medial section second heating blocks (12, 14), one heating block 

that is mostly open, the opening of said medial sec- 25 contacting the first heat conductive membrane 

tion being divided to form the serpentine flow path means (200) and the other heating block contacting 

by a plurality of path separators (310) alternately the second heat conductive membrane means 

extending into the opening from the opposing end (400). 
pieces. 

30 13. An apparatus as defined in claim 12 wherein each 

3. A tisposable cassette as defined in Claim 2 heating block (12, 14) comprises at least two ther- 
wherein the first and second heat conductive mem- maHy separated sections (36, 38). 

brane means (200, 400) are sealingly joined to the 

unitary member at the opposing end and side 14. An apparatus as defined in claim 13 wherein each 

pieces and at the path separators on top and bot- 35 section (36. 38):(46,48) has a plurality of heating 

torn surfaces thereof to form an enclosed fluid tight element means (492, 494, 496, 498) providing cOf- 

serpentine flow path between the plurality of path fering energy outputs so as to provide said grada- 

separators. tion of heat energy. 



4. A disposable cassette (20, 20") as def ined in Claims 
1 or 3 wherein the first and second heat conductive 
membrane means are each comprised of a thin, 
flexible metallic foB. 

5. A disposable cassette (20, 20*) as defined in Claim 
4 wherein the metallic foil is silver. 

6. A disposable cassette (20, 20") as defined in Claim 
4 wherein the metallic foil is aluminium. 

7. A disposable cassette (20, 20") as defined in Claim 
4 wherein the metallic foil is silver plated copper. 

8. A disposable cassette (20, 20} as defined in Claims 
1 or 3 wherein the metallic foil is a thin, flexible heat 
conductive plastic material. 

9. A Disposable cassette (20, 20} as defined in any 



40 15. An apparatus as defined in claim 13 wherein each 
section comprises at least one heat sensor means 
(86) for detecting temperature of said section. 

1 6. An apparatus as defined in any preceding daim fur- 
46 ther comprising means (540) for automatically con- 
trolling the temperature of each said section based 
upon a selected temperature. 

PatentansprOche 

50 

1 . Kassette (20, 20"), tie fur eine Anordnung zwischen 
einem Paar Heizetementen (12, 14) angepaBt ist, 
so da 8 durch die Kassette hindurchflieBende par- 
enteral e Ruide erwarmt werden, die dazu dienen, 
55 einem Patient en intravenos zugefOhrt zu werden, 
wobei tie Kassette umfa8t: 

eine isofierende Kanalanordnung, die einen 
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dOnnen ebenen gewundenen DiirchftuBweg 
(300. 314, 320, 324) mit Ober- und Untersei- 
ten, einem BnlaBende und einem AuslaBende 
vorgibt derart daB eine dQnne Lage parentera- 
ls Ruids in das BnlaBende hineinffieBt sich s 
durch den gewundenen DurchfluBweg hin- 
durchbewegt und aus dem AuslaBende hinaus- 
fffeBt; 

eine erste biegsame warmeleHfahige Mem- 
branemrichtung (200). die fur eine WarrneOber- 10 
tragung von einem der Heizeiemente auf (fie 
Ober- oder Unterseite des gewundenen Durch- 
fluBweg es sorgt 

eine zweite biegsame warmeleitfahige Merrv 
bmneinrichtung (400), die fur eine WarrneOber- is 
tragung von dem anderen Heizetement auf cfie 
Urrter- oder Oberserte des gewundenen Durch- 
fluBweges sorgt, derart daB der gewundene 
DurchfluBweg vom EnteB- bis zum AuslaB- 
ende im weserrtlichen vollstancfig auf seiner 20 
Ober- und Unterseite durch die erste und 
zweite warmelertfahige Merrfcraneinrichtung 
bedeck! 1st welche vonetnander isoliert und im 
Abstand angeordnet sind; 
dadurch gekennzeichnet, daB: 25 

die Kassette (20, 20*) zum einmaligen 

Gebrauch bestimmt 1st; 

die isolierende Kanalanordrtung dazu 

dient die erste und zweite warmelertfahige 30 

Merrferajieinridrtung (200, 400) voneinan- 

der zu isofieren, zu tragen und im Abstand 

anzuordhen; 

die erste warmelertfahige Membranein- 
richtung (200) auf einer Serte der Kanalan- 35 
ordnung getragen wird, wobei die erste 
warmeleitfahige Membraneinrichtung eine 
EinlaBOffnung (212) zum DurcWassen des 
parenteral en Ruids zum BnlaBende des 
gewundenen DurchfTuBweges und eine 40 
AuslaBOffnung (224) zum Hrnauslassen 
des erwarmten parerrteralen Fluids aus 
dem gewundenen DurchfluBweg umfaBt; 
die zweite warmeleitfahige Membranein- 
richtung (400) auf einer entgegengesetz- 45 
ten Seite der KanaJanordnung so getragen 
wird, daB sie von der ersten biegsamen 
warmelertfahigen Membraneinrichtung 
(200) isoliert ist, derart daB die erste und 
zweite warmeleitfahige Membraneinrich- so 
tung isoliert und im Abstand voneinander 
angeordnet sind; und weiter umfassend: 
eine ein auBeres Jochwerk bildende Harte- 
rongseinrichtung (100), die im weserrtli- 
chen die erste und zweite warmeleitfahige 55 
Mernbraneinnchtung mit der dazwischen 
eingefOgten isolierenden Kanalanordnung 
umgibt und dichtend aufnimmt und allge- 



mein in der Ebene des gewundenen 
DurchfluBweges haft, ohne daB der Kon- 
takt der ersten und zweiten warmeleitfahi- 
gen Membraneinrichtung mrt dem Paar 
Heizelementen behind ert wird, wenn die 
Kassette zwischen ihnen angeordnet wird. 

2. Zum einmaligen Gebrauch bestimmte Kassette 
(20, 20") gemaB Anspruch 1, bei der cfie Kanalan- 
ordnung (300) ein einhertfiches Element mit gegen- 
Qberiiegenden End- und Seitenstucken umfaBt, die 
so rrtiteinander verbunden sind, daB sie ein M'rttert- 
teil bikJen, das grOBtenteils offen ist wobei cfie Off- 
nung des Mittentetls unterteitt ist, urn durch eine 
MehrzaM von WegtrennstOcken (310). die sich 
altemierend von den gegenQberiiegenden End- 
stucken in cfie Offnung hinein erstrecken, den 
gewundenen DurchfluBweg zu bildea 

3. Zum einmaligen Gebrauch bestimmte Kassette 
gemaB Anspruch 2. bei der die erste und zweite 
warmelertfahige Membraneinrichtung (200, 400) 
mit dem einhefflfchen Element an den gegenuber- 
liegenden End- und Seitenstucken und an den 
WegtrennstOcken auf deren ober en und urrter en 
Flachen dichtend verbunden sind, urn einen einge- 
schtossenen, fluiddichten, gewundenen DurchfluB- 
weg zwischen der Mehrzahf von WegtrennstOcken 
zu bikJen. 

4. Zum einmaligen Gebrauch bestimmte Kassette 
(20. 20*) gemaB Anspruch 1 oder 3, bei der die 
erste und zweite warmeleitfahige Membraneinrich- 
tung jeweils eine dOrrne biegsame MetaJlfolie 
umfaBt 

5. Zum einmaligen Gebrauch bestimmte Kassette 
(20, 20) gemaB Anspruch 4, bei der cfie MetaltfoOe 
aus Siber ist 

6. Zum einmaligen Gebrauch bestimmte Kassette 
(20. 20*) gemaB Anspruch 4. bei der die MetaMfofie 
aus Aluminium ist 

7. Zum einmaligen Gebrauch bestimmte Kassette 
(20, 20 1 ) gemaB Anspruch 4. bei der die MetaMfofie 
aus sifoerptetf ertem Kupfer ist 

8. Zum einmaligen Gebrauch bestimmte Kassette 
(20, 20*) gemaB Anspruch 4. bei der die MetaJIfofie 
aus einem dunnen biegsamen warmelertfahigen 
Kunststoffmaterial ist 

9. Zum einmaligen Gebrauch bestimmte Kassette 
(20, 20*) gemaB einem der vorangehenden Anspru- 
che, bei der die HaJterungseinrichtung FOhrungs- 
einrichtungen (168, 178) umfaBt die einen 
gleitenden Bngriff auf einem der Heizeiemente 
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bewerkstelligen. 

10. Zum einmaJigen Gebrauch bestimmt Kassette 
(20. 20*) gemaB einem der vorangehenden AnsprO- 
che, werter umfassend eine Me Bfuhlereinrichtung 5 
(130) zum Ermitteln der Temperatur des erwarmten 
parent eraJ en Fluids, die mil dem erwarmten paren- 
teral en Fluid, das a us dem gewundenen Durchf tuB- 
weg hinausf IieBt. in Verbindung stent 

w 

11. Zum einmaJigen Gebrauch bestimmte Kassette 
(20, 20") nach Anspruch 1, werter umfassend eine 
Hetzeinrtchtung, die mit der ersten und zweiten 
warmeleitfahigen M embran ei ruichtung in Korttakt 
stent wetehe dazu dieht, eine Abstufung der War- is 
meenergie zu erzeugen, derart daB mehr Warme- 
energie fur eine Uroertragung auf das parenteral e 
Fluid beim EinlaBende des gewundenen Durchf luB- 
weges zur VerfOgung stent als fur eine Obertra- 
gung auf das parenteral e Fluid beim AuslaBende 20 
des gewundenen Durchf luBweges zur VerfOgung 
stent 

12. Vorrichtung gemaB einem der vorangehenden 
Anspruche, bei der die Heizeinrichtung einen 25 
ersten und zweiten Heizblock (12, 14) umfaBt, 
wobei der eine Heizblock mit der ersten warmeleit- 
fahigen Mernbraneinrichtung (200) in Kontakt stent 
und der andere Heizbtock mit der zweiten warme- 
leitfahigen Mernbraneinrichtung (400) in Kontakt 30 
stent 

13. Vorrichtung gemaB Anspruch 12, bei der jeder 
Heizblock (12, 14) mindestens zwel thermisch 
getrennte Abschnrtte (36, 38) umfaBt. 35 

14. vorrichtung gemaB Anspruch 13, bei der jeder 
Abschnitt (36, 38):(46, 48) eine Mehrzahl von Heiz- 
elemerrtetrtrichtungeri (492, 494, 496, 498) auf- 
weist die urrterschiedliche Energieabgaben 40 
aufweisen, so daB dadurch cfie Abstufung der War- 
meenergie bewerksteliigt word. 

15. Vorrichtung gemaB Anspruch 13, bei der jeder 
Abschnitt mindestens eine HeizmeBfQhlereinrich- as 
tung (86) zum Ermitteln der Temperatur des 
Abschnitts umfaBt 

16. vorrichtung gemaB einem der vorangehenden 
Anspruche, weiter umfassend eine Bnrichtung so 
(540), urn auf Grundtage einer gewahrten Tempera- 
tur die Temperatur jedes Abschnitts automatisch zu 
steuem. 

Revendicatlons 55 

1. Coffret (20, 20*) adapt© pour etre place entre une 
paire d'elements chauffants (12, 14) afin de chauf- 



fer des liquid es parent era ux s'ecoulant au travers 
da coffret a des fins d'administration intraveineuse 
a un patent, le coffret comprenant : 

des moyens formant passage isolant definis- 
sant un chemin cfecoulement sinueux (300, 
314, 320, 324) plat et mince ayant une partie 
superieure et un fond, une extremrte cf entree et 
une extremrte de sortie, de telle sorte qu*une 
mmce peUicule de iiquide parenteral penetre 
par rextremite d'entree, circule a travers le che- 
min d'ecoulement sinueux, et ressort par 
rextremite de sortie; 

des premiers moyens (200) a membrane ther- 
moconductrice souple fournissarrt un transfert 
de chaleur de run des elements chauffants a 
l*un de la partie superieure et du fond du che- 
min d'ecoulement sinueux. 
des seconds moyens (400) a membrane ther- 
rrtcccrxJuctrice souple fournissant un transfert 
de chaleur de I'autre element chauffant a 
Tautre de la partie superieure et du fond du 
chemin d'ecoulement sinueux, de telle sorte 
que ledit chemin d'ecoulement sinueux est 
prinopalement completement recouvert sur sa 
partie superieure et son fond, de rextremite 
d'entree a rextremite de sortie, par les pre- 
miers et seconds moyens a membrane thermo- 
conductrice qui sont isoles et espaces les uns 
des autres ; caracterise en ce que : 

la coffret (20, 20") est jetable ; 
les moyens formant passage isolant est 
destine a isoler, supporter et espacer les- 
drts premiers et seconds moyens (200, 
400) a membrane thermoconductrice les 
uns des autres ; 

les premiers moyens (200) a membrane 
thermoconductrice sont supported d'un 
cote desdrts moyens formant passage, les 
premiers moyens a membrane thermocon- 
ductrice comprenant un orifice d'entree 
(212) pour faire cornrnuniquer le Bquide 
parenteral avec rextremite d'entree du 
chemin d'ecoulement sinueux et un orifice 
de sortie (224) pour faire sortir le Bquide 
parenteral chauffe du chemin d'ecoule- 
ment sinueux; 

les seconds moyens (400) a membrane 
therrTK)conductrice sent supportes d'un 
cote oppose desdrts moyens formant pas- 
sage aftn d'etre isoles des premiers 
moyens (200) a membrane therrrxxonduc- 
trice souple de telle sorte que les premiers 
et seconds moyens a membrane thermo- 
ccfxJuctrtce sont isoles et espaces les uns 
des autres ; et comprenant en outre : 
des moyens de support (100) fournissant 
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un cadr penpherique qui engtobe, report 
demaniere etanche etreti nt globalement 
dans le plan du chemin cfecoulement 
sinueux essentieJIement les premiers et 
seconds moyens a membrane thermocon- 
ductrice avec les moyens formarrt passage 
isolant intercales entre ceux-ci sans con- 
tact obstruant des premiers et seconds 
moyens a membrane therrroconductrice 
avec la paire cfelements chauffants tors- 
que le coffret est plac6 entre ceux-ci. 

2. Coffret jetable (20, 20*) seion la revendicatfon 1, 
dans lequel lesdits moyens formarrt passage (300) 
comprennent un element unhaJre ayant des pieces 
cfextremrte opposees et lateral es joint es ensemble 
pour former une section mediane qui est generate- 
ment ouverte, Pouverture de lacfite section mediane 
etant drvisee pour former ledit chemin d'ecoule- 
ment sinueux par une pluralite cfintercalaires de 
chemin (310) s'etendant de maniere arternee dans 
i'ouverture depuis les pieces d'extremite opposees. 

3. Coffret jetable selon la revendication 2, dans lequel 
les premiers et seconds moyens (200, 400) a mem- 
brane therrrocorxJuctrice sort joints de maniere 
etanche a ('element unitaire au niveau des pieces 
d'extremrte opposees et laterales et au niveau des 
intercalates de chemin sur ses surfaces superieure 
et inferieure pour former un chemin cfecoulement 
sinueux etanche aux fiquides et ferme entre la plu- 
ralite dirttercalaires de chemin. 

4. Coffret jetable (20,20/) selon les revendications 1 
ou 3, dans lequel les premiers et seconds moyens 
a membrane thermoconductrice sort chacun for- 
mes d*Une feuiile metallique mince et flexible. 

5. Coffret jetable (20. 20*) selon la revendication 4. 
dans lequel la feuiile metallique est en argent 

6. Coffret jetable (20, 20") selon la revendication 4, 
dans lequel la feuiile metallique est en aluminium. 

7. Coffret jetable (20, 20*) selon la revendication 4, 
dans lequel la feuiile metallique est en cuivre pla- 
que d'argent 

8> Coffret jetable (20, 20*) selon les revendications 1 
ou 3, dans lequel la feuiile metallique est une 
matiere plastique thermoconductrice soupie et 
mince. 

9. Coffret jetable (20, 201 selon rune quelconque des 
revendications precedent es, dans lequel lesdits 
moyens de support comprennent des moyens de 
guidage (168. 178) foumissant une mise en prise 
coufissante sur Tun des elements chauffants. 



10. Coffret jetable (20, 20*) selon rune quelconque des 
revendications precedentes, comprenant en outre 
des moyens de capteur (130), en communication 
avec le liquide parenteral chauffe sortarrt du chemin 

5 cTecoulement sinueux. pour detecter la temperature 
du liquid e parenteral chauffe. 

11. Coffret jetable (20. 20*) selon la revendication 1, 
comprenant en outre des moyens de chauffage en 

io contact avec lesdits premiers et seconds moyens a 
membrane thermocc^xluctrice pour generer una 
gradation d'energie calorifique de telle sorte que 
plus cfenergie calorifique sort disponible pour etre 
transferee au liquide parenteral au niveau de 

is rextremite cfentree du cherrdn d'ecoulement 
sinueux, qu'eJle n'est disponible pour le transfert au 
liquide parenteral au niveau de Porifice de sortie du 
chemin d'ecoulement sinueux 

20 12. Appareil sefon rune quelconque des revendications 
precedentes, dans lequel lesdits moyens de chauf- 
fage comprennent des premiers et seconds blocks 
chauffants (12. 14), un bloc chauffant elant en con- 
tact avec les premiers moyens (200) a membrane 

25 thermoconductrice et fautre bloc chauffant etant en 
contact avec les seconds moyens (400) a mem- 
brane thermoconductrice. 

13. Appareil selon la revendication 12. dans lequel cha- 
30 que bloc chauffant (12, 14) comprend au moins 

deux sections (36, 38) separees thermiquemerrt 

14. Appareil selon la revendication 13. dans lequel cha- 
que section (36, 38) ; (46. 48) possede une pturalrte 

35 de moyens formarrt elements chauffants (492, 494, 
496, 498) foumissant des sorties cfenergie differ en- 
tes afm de foumir ladHe gradation cfenergie thermi- 
te. 

40 15. Appareil selon la revendication 13, dans lequel cha- 
que section comprend au moins un moyen de cap- 
teur de chaleur (86) pour detecter la temperature 
de lacSte section. 

45 16. Appareil selon I'une quelconque des revendications 
precedentes, comprenant des moyens (540) pour 
control er automatiquement la temperature de cha- 
cune descfites sections basee sur une temperature 
choisie. 

50 
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